How do circadian pacemaker neurons provide timekeeping signals by which daily rhythms are organized? Recent technological innovations in the fruitfly model system have allowed observations which suggest some important synchronizing signals may themselves not be gated.
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In his 'Devils Dictionary', Ambrose Bierce defined a ''Day'' as: ''A period of twenty-four hours, mostly mis-spent''. However we value the content of our days in hindsight, their patterns typically unfold in predictable fashion. They comprise a repeating series of rest-activity cycles which is heavily influenced by an internal timing system that provides a circa-24 hour estimation of period. Internal timing is processed in the context of external cues about the phase of local time, such that organisms are normally well-synchronized with their cycling environment and with the behavior of other members of the species. Neurobiological interest in the circadian system stems from the observations that a relatively small number of 'pacemaking neurons' express the molecular clockworks and have demonstrable control of circadian locomotor rhythms. In the fruitfly Drosophila, this pacemaking network comprises w150 neurons that are distributed across the brain and that comprise groups of cells with distinct and diverse properties [1] . There is increasing interest in relating the properties of these pacemaker neurons to their daily responsibilities. To what extent and when are their activities -their firing rates, release of their transmitters, the re-modeling of synapses -subject to diurnal variation? How do such changes contribute to their pacemaking duties? In a recent issue of Current Biology, Choi et al. [2] describe a novel technique -tethering otherwise soluble neuropeptides to the plasma membrane -which they use to interrogate the normal timing of circadian neuropeptide release.
Fruitflies display crepuscular locomotor activities and constrain their peak activity bouts to periods that anticipate the dawn and dusk. Of the w150 pacemaker neurons, 10%, the so-called large and small vLNs, release a neuropeptide called pigment dispersing factor (PDF), and genetic studies suggest PDF plays an important role in organizing daily rhythmic behavior [3, 4] . For example, absence of the PDF signal leads to a loss of the morning activity peak and a phase advance of the evening activity peak. How PDF acts at cellular and molecular levels to promote such rhythmic behavior is not known, and this question is being actively pursued in many different contexts.
Responsive cells detect PDF via a G-protein-coupled receptor of the B1 class [5] [6] [7] . This receptor class -often referred to by a founding member, the secretin receptor -includes the receptor for VIP, a neuropeptide which in the mammalian brain fulfills many of the functions that PDF provides for the fly brain [8] . While the precise pattern of expression of the PDF receptor has not yet been reported, realtime imaging with a FRET reporter for cyclic nucleotides indicated that the PDF receptor is widely expressed among the different groups of pacemaker neurons [9] . This supports the hypothesis that PDF signals directly to many other clock cells to help synchronize and support their rhythmic output.
But when does PDF act? Does the signal vary as a function of time-of-day because PDF release is gated? Or is it sufficient for PDF to simply maintain its extracellular levels constant regardless of the hour and above a certain minimal threshold to support rhythmicity in the circadian pacemaking network? In various insects, including Drosophila, secretory peptides are released rapidly with highly predictable onsets (for example [10] [11] [12] ). In the case of PDF, Park et al. [13] first reported a rhythm of anti-peptide immunocytochemical staining that displayed a maximum around dawn, and which required a functional circadian clock. The observation of daily rhythmic PDF staining suggested there may be a demonstrable time period of PDF peptide release (although factors besides release can also affect the amount of PDF immunoreactive material found within those neurons).
Two recent studies [14, 15] asked whether the PDF-containing vLN pacemaker neurons display diurnal and circadian variation in membrane electrical properties. From these direct electrophysiologic recordings, it is clear that large vLN are strongly light-activated and that they are more depolarized and more active around the dawn and the early photophase. Like the large vLNs, small vLNs are rhythmically-depolarized with a peak around dawn [15] . A genetic manipulation that specifically repressed sodium channel inactivation in vLNs (and therefore increases their normal periods of excitation) accelerated the phase of the morning locomotor activity peak [16] . Remarkably, that same manipulation also advanced the peak phase of PDF antibody-staining. The latter correlation supported the hypothesis that PDF release drives the morning peak of locomotion and that its release dynamics are described by the change in immunostaining properties. So that would seem to set to 'rest' the matter of whether the circadian signal PDF displays gated release. But now, using new techniques, Choi et al. [2] reveal another dimension to the problem -that PDF may also have important functions as a time-independent signal.
To re-address this problem, Choi et al. [2] adapted a technique pioneered by Nat Heintz and colleagues [17] -tethering peptide toxins via flexible membrane linkages to allow for interaction with molecular targets in a cell-autonomous fashion. The efficacy of this approach, validated by numerous, controlled observations, indicated the potential for genetic manipulation to explore the physiology of defined neuronal populations in vivo. The method was subsequently elaborated by Michael Nitabach and colleagues [16] in studies of the effects of tethered peptide toxins in Drosophila. Now the Nitabach group, along with Alan Kopin and colleagues, has demonstrated the ability of various Type B1 ligands to function as tethered ligands: membrane-tethered bioactive peptides, like the corresponding soluble ligands, trigger dosedependent receptor activation [18] . The peptide ligand is tethered within a single protein composed of a transmembrane domain (TMD) with an intracellular carboxyl terminus, a poly(asparagine-glycine) linker, and the ligand sequence at the amino terminus. The ability of these tethered peptides to function efficiently provides the experimenter with an exceptional new tool to investigate peptide GPCR physiology both in vitro [18] and in vivo [2] without having to provision a source of the secreted ligand.
Hyun et al. [5] originally showed that the behavioral phenotype of Pdf receptor mutant flies (comparable to that of pdf mutants) could be rescued by restricting PDF receptor expression to cells that express the clock gene period. They concluded that PDF receptor expression restricted to the pacemaker network was sufficient to support its behavioral functions. Hence Choi et al. [2] expressed tethered PDF expression in their new studies with similar clock gene promoters. With respect to the original question about the timing of PDF release by pacemakers in the fly brain, they now report that, comparable to overexpressing the normal secreted form of PDF [4] , expressing a tethered form of the PDF ligand broadly in clock neurons very potently disrupts normal timing signals. Remarkably, even in a fly mutant for Pdf, expression of the tethered PDF can produce rhythmic (albeit abnormally-rhythmic) behavior.
Choi et al. [2] argue that their results indicate gated PDF release is not required for the neuropeptide to support gated rhythmic outputs by the pacemaker network. Is tethered PDF a constant activator? In fact, the presentation or clearance of the tethered activator could involve subtle diurnal variation. Likewise PDF receptor signaling within pacemaker neurons may involve downstream elements that exhibit diurnal variation. 
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When it comes to the design of neural circuits controlling escape behaviour, the devil lies in the detail, because even fractions of milliseconds in time or millimetres in distance may mean the difference between survival or being someone's dinner. A new paper by Satou et al. [1] provides an elegant demonstration of how a relatively small population of inhibitory spinal interneurons confers a significant selective advantage on the escape performance of larval zebrafish. The paper extends recent research [2] showing that this population of commissural local (CoLo) interneurons is used exclusively during fast escapes and not during other motor behaviours.
For most animals, it's a dog eat dog (or fish eat fish) world out there, and in
